Influences of a Microcystis aeruginosa Kützing bloom on zooplankton populations in Jacarepaguá Lagoon (Rio de Janeiro, Brazil)  by Ferrão-Filho, Aloysio S. et al.
Limnologica 32,295-308 (2002) 
© Urban & Fischer Verlag 
http://www.urbanfischende/journals/limno LIMNOLOGICA 
Influences of a Microcystis aeruginosa KOTZ NG bloom on 
zooplankton populations in Jacarepaguli Lagoon (Rio de Janeiro, Brazil) 
Aloysio S. Ferr~o-Filho 1,*, Patricia Domingos 2, Sandra M. F. O. Azevedo 1 
Instituto de Biofisica Carlos Chagas Filho, Universidade Federal do Rio de Janeiro, Rio de Janeiro, R J, Brazil 
2 Instituto de Bioci~ncias, Universidade do Grande Rio, Rio de Janeiro, R J, Brazil 
Received May 15, 2002 • Accepted August 27, 2002 
Abstract 
Jacarepagufi Lagoon is a shallow, hypereutrophic, coastal lagoon located in Rio de Janeiro 
(RJ, Brazil), with recurrent blooms of cyanobacteria. This study was carried out with the aim 
to detect he effects of the cyanobacterium Microcystis aeruginosa on zooplankton popula- 
tions (especially cladocerans) in the lagoon. At two sampling stations we measured tempera- 
ture, pH, salinity, dissolved oxygen and transparency, and collected water samples for chem- 
ical analyses of particulate organic carbon (POC), chlorophyll-a nd toxins (microcystins), 
and plankton samples for phytoplankton and zooplankton analyses, from August 1996 to 
September 1997. Laboratory experiments were also performed to test for toxicity of both 
natural assemblages and cultured Microcystis. The results howed that temperature, salinity 
and cyanobacteria biomass were the best descriptors of the population dynamics of Clado- 
cera. In spite of high levels of microcystins in seston, toxins were not generally correlated 
with the density of Cladocera. Laboratory experiments, however, showed strong evidence of 
the toxicity of seston to Cladocera. Also, high levels of toxins in seston were associated with 
a collapse of cladoceran populations in the lagoon, suggesting toxic effects of mycrocystins 
on these organisms. Rotifers and copepods were less affected by cyanobacteria, maintaining 
high densities in the lagoon throughout the bloom. We conclude that blooms of Microcystis 
aeruginosa re potentially harmful for cladoceran populations in nature. 
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Introduction 
Most of the studies on cyanobacteria-zooplankton inter- 
actions have focused on the effects of toxic strains of 
cyanobacteria grown under controlled laboratory condi- 
tions, specially on temperate large zooplankton like 
Daphnia (NIZAN et al. 1986; LAMPERT 1982; FULTON & 
PAERL 1987a; DEMOTT et al. 1991; REINIKAINEN et al. 
1994; HIETALA et al. 1995; SMITH & GILBERT 1995; 
ROHRLACK et al. 1999). However, there is a lack of data 
regarding the effects of cyanobacteria ontropical zoo- 
plankton communities, especially that ones composed of 
smaller species (FERRXO-Fmno et al. 2000). 
Studies on cyanobacteria-zooplankton interactions are 
relevant because of the harmful potential of cyanobacte- 
ria in aquatic ommunities, but up to date no study has 
clearly made the link between laboratory and field data 
(BURNS 1987; HANEY 1987; LAMPERT 1987; BENNDORF 
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& HENNING 1989). Most of the work in this area has fo- 
cused on descriptive approaches ofphytoplankton a d 
zooplankton communities and the possible ffects of the 
appearance of cyanobacteria during the seasonal cycle. 
Besides this, quite a few studies have tested the effects 
of natural occurring populations of cyanobacteria on
zooplankton and tried to correlate these data with the ef- 
fects observed for laboratory cultures of cyanobacteria 
(MATVEEV & BALSEIRO 1990; FULTON & JONES 1991; 
HANAZATO 1991; NANDINI 2000; FERR~O-FILHO & 
AZEWDO, in press). 
Here, we compare the data of a study on the phyto- 
plankton and zooplankton communities of a tropical 
coastal lagoon with laboratory data regarding the effects 
of cultured and natural populations of the cyanobacteri- 
um Microcystis aeruginosa KOTZING on cladocerans 
from the same lagoon. We consider several environmen- 
tal factors uch as food availability, colonial morpholo- 
gy and toxin concentration in the seston as responsible 
for the results observed in the field and relate them to 
laboratory experiments. 
Study site 
Jacarepagufi Lagoon is located in the South coast of Rio 
de Janeiro State, in the metropolitan zone of Rio de 
Janeiro City (Fig. 1), and has been investigated with re- 
spect o the consequences of cyanobacterial blooms on 
its aquatic ommunity (MAGALHAES & AZEVEDO 1998; 
FERRAO-FILHO et al. 2002). It is an oligohaline, shallow 
lagoon (z .... = 1 m), connected with other two lagoons 
and with the Atlantic Ocean by means of a straight chan- 
nel. This system has received massive discharges from 
the surrounding urban areas, including domestic and in- 
dustrial sewage and has become hypereutrophic. Recur- 
rent blooms of Microcystis aeruginosa have been report- 
ed in this lagoon, with known toxicity to cladocerans 
(FERNXO-FmHO et al. 2000). A year of intensive sampling 
was carried out in this lagoon from August 1996 through 
September 1997, at two sampling stations (Fig. 1). Sam- 
plings included phytoplankton, zooplankton and water 
for chlorophyll-a, particulate organic arbon and toxin 
(microcystin) analysis and measurements of temperature, 
pH, dissolved oxygen, transparency and salinity. 
Methods 
Sampling and analysis 
Phytoplankton was collected at biweekly intervals at the 
subsurface with an amber glass flask and preserved with 
acid Lugol's solution. The fixed and live samples were 
examined with a Light Microscope. The densities were 
estimated as proposed by UTERMOHL (1958) and the 
biomass was calculated following EDLEN (1979), assum- 
ing a specific density of phytoplankton cells of 1 g • 
cm 3. Zooplankton was collected monthly, with a Van 
Dorn horizontal bottle (3 x 3 liters) at 0.5 m depth, con- 
centrated in a 68 om mesh size plankton et and pre- 
served with a 4% formalin + borax (10%) solution. Five 
liters of surface water from the lagoon were collected 
and stored in ice and taken to the laboratory between 2
and 4 hours later for processing. For chlorophyll-a anal- 
ysis, 100-200 ml subsamples were filtered onto glass- 
fiber filters (Sartorius AG 37070, Goettingen, Ger- 
many), immediately extracted with methanol for 3 
hours, and extract absorbance measured at 665 and 750 
nm after centrifugation (LONENZEN 1967). For particu- 
late organic carbon (POC) analysis, 100-250 ml of 
water were passed through a200 ~m net to remove large 
zooplankton, filtered onto glass-fiber filters, and dried 
overnight at 60 °C. POC was determined with a dichro- 
mate-sulfuric a id oxidative method following STRICK- 
LAND & PARSONS (1972). Microcystin content was deter- 
mined in seston samples obtained from 2 liters of water 
filtered onto glass-fiber filters, which freeze-dried prior 
to the analysis. Toxin (microcystins) extraction was per- 
formed with a buthanol:methanol:H20 solution (5:20:75 
v/v) following a method modified from KRISHNA- 
MURTHY et al. (1986). The analysis and quantification f 
microcystins was carried out by HPLC technique in a 
Shimadzu chromatographic apparatus with a diode array 
UV/Vis. SPDA-M10A [see FENRXO-FmHO et al. (2000) 
for details]. 
Temperature, pH, dissolved oxygen and salinity were 
measured at the surface using field instruments. Trans- 
parency was measured using a Secchi disc. Significant 
relationships among biotic and abiotic variables were 
analyzed by Pearson correlations pooling the field data 
from both stations. In order to increase the power to de- 
tect significant effects, the correlation tables were cor- 
rected for multiple testing using the sequential Bonfer- 
roni technique (I~cE 1989). 
Laboratory experiments 
Acute toxicity, life-table and growth experiments were 
conducted at the laboratory with cladocerans i olated 
from the lagoon and using both cultured and natural oc- 
curring populations of Microcystis aeruginosa. The two 
cladocerans occurring in the lagoon, Ceriodaphnia cor- 
nuta SANS and Moina micrura KURS, were cultured in 
the lab using filtered-autoclaved lagoon water. Animals 
were fed with the green algae Ankistrodesmusfalcatus 
(BRAUN) or Chlamydomonas reinhardtii DANGEARD at a 
total concentration f 1.0 mg C • 1-1. Green algae used as 
food were cultured in MBL medium (STEMBERGER 1981) 
at 40 ~E • m 2. s-l, 23 °C and 12/12 hours (light/dark) 
photoperiod. 
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Four acute toxicity experiments were performed 
using the two cladocerans and both cultured and natu- 
rally occurring populations of Microcystis. Cultures of 
the Microcystis train NPLJ-2, isolated from the lagoon, 
were maintained in the laboratory with ASM-1 medium 
(GORHAM et al. 1964), at the same light intensity, tem- 
perature and photoperiod as green algae. For these ex- 
periments, exponential growing ceils of laboratory cul- 
tured Microcystis were concentrated in a centrifuge 
(4000 g x 10 min.) and resuspended in the ASM-1 medi- 
um. Seston samples containing natural populations of 
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Microcystis were obtained by centrifuging lagoon water 
and resuspending the seston in filtered-autoclaved la- 
goon water. These samples were kept at 4 °C during the 
experiments. Concentrations of both laboratory cultures 
and seston used in the acute experiments ranged from 
0.25 to 1.0 mg C • 1 -s, with the concentrations lower than 
1.0 mg C • 1 -~ ("100%") having an addition of the green 
algae used as food, so that the final concentration f all 
food suspensions totalled 1.0 mg C • 1-2. Controls con- 
sisted of animals both starved and fed only with green 
algae ("Food"). Ten newborns less than 24 h old of each 
21" 
22"S 
2J 
Camorim Lagoon 
Lagoon 
Lagoon Marapendi Lagoon 
Fig. 1. Localization of JacarepaguA Lagoon in Brazil and in the State of Rio de Janeiro (small rectangle). The sampling stations are indicated by 
numbers (1 and 2). 
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cladoceran species were placed in glass flat-bottom 
tubes with 30 ml of each food suspension with four 
replicate tubes per treatment. Every day, during the five 
days of the experiment, animals were transferred tonew 
algal and seston suspensions and the survivors were 
counted. For each treatment, he median lethal time 
(LTs0), in hours, was estimated by PROBIT regression 
analysis (SPSS Statistical Package, SPSS Inc., Chicago, 
IL, USA) and these values were statistically compared 
by ANOVA. 
One life-table xperiment was performed in order to 
verify the effects of both cultured and naturally occur- 
ring Microcystis on the reproduction ofcladocerans. In
this experiment, newborns less then 24 h old of each 
cladoceran species were placed individually in glass 
flat-bottom tubes with 30 ml of each food suspension 
with 16 replicate tubes per treatment. Every day, sur- 
vivors were transferred to new food suspensions and 
checked for the appearance of eggs and newborns. Treat- 
ments included cultured Microcystis and seston samples 
collected on 20-March-1997 from station 2 and pro- 
cessed in the same way as in the acute toxicity experi- 
ments. There was only one concentration of seston 
(100% = 1.0 mg C • 1 1) and only one concentration f 
cultured Microcystis (10% = 0.10 mg C • 1-I). In this 
treatment Microcystis was mixed with the green algae 
Ankistrodesmus (90% = 0.90 mg C 1-i). Ankistrodesmus 
was also used as control. Population parameters calcu- 
lated were the age at first reproduction, mean clutch size, 
and total offspring. The intrinsic rate of natural increase 
(r) was estimated by bootstrap technique (TABERNER et 
al. 1993), with 500 replicates per run and bias adjusted 
correction for small cohorts (MEYER et al. 1986). Popu- 
lation parameters were compared among treatments by 
ANOVA and Tukey multiple comparison test. Statistical 
differences between r values in each treatment were test- 
ed by t-tests. 
Juvenile growth rate for Moina micrura was estimat- 
ed on the same cohort of animals used in the life-table 
experiment. Fifty < 24 h newborns were placed in 500 
ml bottles filled with food suspensions and with three 
replicate bottles per treatment. Treatments were the 
same as in the life-table xperiment. Initially and after 2, 
4 and 6 days, a group of 5 to 10 animals was taken from 
each treatment and placed in pre-tared aluminum foil 
containers and dried overnight in 60 °C. These contain- 
ers were then weighed in a microbalance (Mettler Tole- 
do UMT-2; GmbH, Greifensee, Switzerland) with a pre- 
cision of 0.1 pg. Growth rates were calculated using the 
equation: 
GR = [ln Mt - In Mo]/t, 
where Mo and Mt are mean individual mass initially and 
after tdays. Treatments were compared by ANOVA and 
Tukey multiple comparison test (P < 0.05). 
Results 
Field data 
Temperature varied between 20 to 33.6 °C during the 
study, with minimum temperatures occurring in June and 
maximum temperatures in January (Fig. 2a). Salinity 
varied from 0.0 to 10.0%o, with lower values occurring in 
the rainy season (December to March; Fig. 2b). The pH 
varied between 6.2 and 9.3, with no defined seasonal pat- 
tern (Fig. 2c), but lower values at station 1 were probably 
associated tothe influence of Marinho River. Dissolved 
oxygen (D.O.) varied highly during the study, reaching 
values close to anoxia (0.5 mg • 1-1) and as high as 18.5 
mg 1-1 (Fig. 2d). Transparency (Secchi depth) was low in 
the lagoon, varying from only 10 to 60 cm, with higher 
values occurring in the wet-warm season (January to 
April; Fig. 2e). Particulate organic arbon (POC) values 
were also very high, varying from 2.7 to 38.1 mg • 1-1 
(Fig. 2f). Chlorophyll-a concentrations were characteris- 
tic of hypereutrophic systems (VOLLENWEIDER 1982), 
ranging from 65.2 to 304.3 gg- 1-1, with higher values oc- 
curring from the end of spring (November) throughout 
summer and winter of 1997 (Fig. 2g). Microcystin con- 
centrations in seston varied from undetectable values at 
the beginning of the study to more than 900 ~g 1 -~ at sta- 
tion 2 at the end of the sampling period (Fig. 2h). 
Seasonal changes in phytoplankton composition i
the lagoon suggest three distinct periods (Fig. 3). From 
August o December 1996, the phytoplankton communi- 
ty was dominated by Chlorophyceae and Bacillario- 
phyceae. Chlorophyceae were represented mostly by 
Chlorococcales, including Ankistrodesmus, Coelastrum, 
Crucigenia, Monoraphidium, Oocystis, Scenedesmus 
and Tetrastrum, which were in the edible size range for 
zooplankton. Bacillariophyceae w re represented most- 
ly by centric diatoms (Cyclotella sp.). From late Decem- 
ber 1996 to early January 1997, phytoplankton composi- 
tion changed ramatically toa community dominated by 
cyanobacteria (Cyanophyceae). This group was repre- 
sented mostly by Microcystis aeruginosa, which reached 
very high biomass in December and comprised 88% and 
95% of the phytoplankton at stations 1and 2, respective- 
ly. January to April were marked by rapid changes in the 
phytoplankt0n community, shifting in dominance be- 
tween cyanobacteria and the other groups. The final five 
months of the study (May to September) were marked 
by the complete dominance of cyanobacteria, especially 
M. aeruginosa (72% to 80%) and Aphanizomenon sp. 
(9% to 11%). During this bloom, Microcystis presented 
both unicellular and colonial forms, with an increase in 
colonial forms from the beginning to the end of the 
bloom. Most of these colonies were composed by hun- 
dreds or thousands ofcells, reaching sizes above the edi- 
bility range for zooplankton (> 50 gin). 
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Zooplankton was represented byseven species of ro- 
tifers (Brachionus angularis GOSSE, B. calyciflorus PAI.- 
LAS, B. plicatilis, Filinia sp., Hexarthra oxyuris SERNOV, 
Monomata sp. and Polyarthra sp.), two cladocerans 
(Ceriodaphnia cornuta SA~S and Moina micrura Kuas) 
and one copepod (Metacyclops mendocinus WmP.ZEJSI~). 
Rotifers and copepods were quantitatively more abun- 
dant than cladocerans, dominating the zooplankton com- 
munity throughout all the study (Fig. 4). The dominant 
rotifers B. angularis and B. plicatilis reached peak den- 
sities in January and February at station 1, respectively, 
and in February at station 2. From March to June, B. pli- 
catilis was dominant over B. angularis at station 1, 
whereas both rotifers showed similar densities at 
station 2. In August, density of rotifers peaked again, 
with B. angularis as the dominant species and reaching 
4282 ind. • 1 -~ at station 1 and 10617 ind. - 1 -~ at station 2. 
Cladocerans occurred only from August to May, declin- 
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ing gradually from March until undetectable d nsities in 
June. The dominant cladoceran, M. micrura, reached 
maximum densities in January, with more than 350 and 
400 ind. • 1 -~ at station 1 and 2, respectively, while 
C. cornuta reached maximum densities in April, with 
100 and 70 ind. • 1 -~ at station 1 and 2, respectively. 
M. micrura populations appeared to collapse twice dur- 
ing the study, once in November and again in February, 
followed by a rapid recovery of the initial densities only 
at station 1. At station 2, cladocerans did not recover the 
same densities after the February breakdown. Copepods 
had a more homogeneous distribution along the year, 
with peak densities in August. 
Correlation between the field data 
Table l shows the correlation coefficients between POC, 
chlorophyll-a and toxin and the biomass of phytoplank- 
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Fig. 2. Physical and chemical variables in both sampling stations of Jacarepagu~ Lagoon from August 1996 to September 1997. 
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ton during the study. There were no significant correla- 
tions between POC or chlorophyll-a with the main phy- 
toplankton groups in the lagoon. There was, however, a
strong significant correlation between the toxin concen- 
trations in seston and the biomass of Cyanophyceae. 
There was also a strong correlation between the total 
phytoplankton biomass and toxins, which was probably 
driven by the high biomass contribution of cyanobacte- 
ria. 
Table 2 shows the correlation coefficients between 
zooplankton densities and the physical and chemical 
variables. There was a strong positive correlation of 
M. micrura density with temperature. There were also 
positive correlations of C. cornuta and Polyarthra sp. 
densities with transparency (Secchi depth), which is 
probably aconsequence of the increase in the clearance 
rates of cladocerans and rotifers in summer. There were, 
however, no significant correlations between zooplank- 
ton and chlorophyll-a or POC in the lagoon. A strong 
negative correlation was observed between M. micrura 
density and salinity, while a positive correlation was ob- 
served between the density of copepods and salinity. 
There were no significant correlations between the density 
of cladocerans and toxin concentrations i  the seston of 
the lagoon. Surprisingly, there was a strong and positive 
correlation between copepods and toxins as well as be- 
tween H. oxyuris and toxins. These positive correlations 
were probably driven by the positive correlations be- 
tween these zooplankton groups and the biomass of 
cyanobacteria (Table 3). 
Table 3 shows the correlation coefficients between 
zooplankton densities and the biomass of the main 
phytoplankton groups during the study. The density of 
M. micrura was negatively correlated with cyanobacte- 
rial biomass, whereas the density of copepods and the 
rotifer H. oxyuris were positively correlated with the 
biomass of cyanobacteria. 
Laboratory experiments 
Acute toxicity by seston was evident in December at sta- 
tion 2, and in February at station 1 and 2 (data for station 
2 not shown; Fig. 5 and 6). In both periods, however, 
only M. micrura was affected. In December, microcystin 
concentration in seston varied from 2.6 ~g • 1 -I (on 11 th) 
to 2.0 ~g • 1-1 (on 23rd), and animals fed seston showed a
100% 
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80% 
60% 
40% 
20% 
0% 
A S O N D J F M A M J J A S 
[] Prasinophyceae 
• Cryptophyceae 
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[] Chlorophyceae 
[] Cyanophyceae 
[] Others 
100% 
Station 2 
80% 
60% 
40% 
20% 
0% 
A S O N D J F M A M J J A S 
Fig. 3. Phytoplankton composition (as % 
biovolume) in both stations of Jacarepagufi 
Lagoon from August 1996 to September 
1997, 
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progressive decline in survivorship from the third day of 
the experiment (Fig. 5). The ANOVA revealed signifi- 
cant differences in the LTs0 between the seston and con- 
trols with food (F3,48 = 32.1, P -- 0.001) and without food 
(F3,is = 32.1, P = 0.032). Animals died 1.4 to 1.7 times 
faster in seston treatments han in controls with food at 
the concentrations of 0.5 and 1.0 mg C - 1 -~, respectively. 
In late January, no toxin was detected in seston at station 
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2, and no cladoceran was affected by seston. In Febru- 
ary, toxin concentration i  seston was 14.0 pg • 1 -~ and 
M. micrura showed increased mortality from the second 
day of the experiment. There was a significant differ- 
ence in LTs0 between seston and the controls with food 
(F4,70 -- 84.1, P < 0.001), and animals died 2.5 to 3.6 times 
faster in the seston treatments han in the control with 
food. Survivorship in the controls without food in this 
Table 1. Pearson correlation coefficients between POC, chlorophyll-a and toxin contents and the biomass of the main phytoplankton groups 
(*P < 0.05). n = sample size. 
Factors Phytoplankton groups Total 
Cyanoph. Chloroph. Bacillarioph. Cryptoph. phytoplankton 
POC (n = 50) 0.228 0.103 -0.054 0,001 0.241 
Chl-a (n = 42) 0.005 -0,050 0.139 -0,027 0.008 
Toxin (n = 50) 0.890* -0.255 -0.039 -0.170 0.887* 
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Fig. 4. Zooplankton densities in both sampling stations of Jacarepagufi Lagoon from August 1996 to September 1997. 
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Table 2. Pearson correlation coefficients between zooplankton density and physical nd chemical variables (*P < 0.05). 
Species Variables 
Temperat. pH D.O. Secchi depth Chl-a POC Salinity Toxin 
(n = 30) (n = 30) (n = 30) (n = 30) (n = 30) (n = 28) (n = 30) (n = 25) 
Cladocera 
M. micrera 0.796* -0.451 -0.211 0.521 -0.070 0.323 -0,707* -0,262 
C. comuta 0.205 -0.301 -0.138 0,691" -0,003 -0,155 -0,117 -0.122 
Copepoda 
Nauplii -0,003 0.174 0.3]7 -0,243 -0.230 -0.270 0.554 0.454 
Copepodites -0,043 0.222 0.2)2 -0.459 -0.218 -0.250 0.610" 0,709* 
Rotifera 
B. plicatilis 0.375 -0.013 -0.184 0.203 0.251 0.175 -0.102 0,552 
B, angularis 0,324 0,123 0.218 0.200 -0.101 -0.244 0.255 0.528 
B. calyciflorus 0.547 -0,215 -0.134 0.218 0,215 -0.154 -0.365 -0.072 
Polyarthrasp. 0.209 -0.144 -0,174 0.611" 0.020 -0.161 -0.199 -0,150 
ft. oxyuris 0.001 0.216 0.465 -0.355 -0.227 -0.195 0.396 0.763* 
Table 3. Pearson correlation coefficients between zooplankton den- 
sity and the biomass of the main phytoplankton groups (*P < 0.05). 
Species Phytoplankton groups 
Cyanoph. Chloroph. Bacillarioph. Cryptoph. 
(n = 30) (n = 30) (n -- 30) (n = 30) 
Cladocera 
I!/1, micrura -0,679" 0,271 -0.197 -0,046 
C, comuta -0.219 -0.083 -0.233 0,084 
Copepoda 
Nauplii 0,484 -0.444 -0.196 -0.174 
Copepodites 0.617" -0,421 -0.210 -0,326 
Rotifera 
B. plicatilis 0,032 -0.328 0.337 -0.067 
B. angularis 0.309 -0.228 -0.035 -0.309 
B. calyciflorus -0,145 0.256 0.043 -0.142 
Polyarthra sp. -0,287 -0,085 -0,121 -0.013 
H, oxyuris 0.588* -0.201 -0,137 -0.164 
period was about he same as in seston treatments (LTs0 
-- 63 h for starved and 73 h for the higher concentration 
of seston). The treatments with mixtures of laboratory 
cultured Microcystis and green algae caused similar 
effects to M. micrura, which died 1.7 to 2.1 times faster 
in the mixtures than in controls with only good food in 
December (F3,48 = 32.1, P < 0.001), and 3.0 to 6.5 times 
faster in the mixtures in February (F4,70 = 84.1, 
P < 0.001). Both treatments with seston and cultured 
Microcystis howed a concentration-dependent effect in 
M. micrura, which is typical of an acute intoxication. 
C. cornuta, however, was not significantly affected by 
strain NPLJ-2, showing good survivorship in the Micro- 
cystis treatments (Fig. 6). 
Cladocerans showed also different response patterns 
in the life-table experiment (Fig. 7). While C. cornuta 
was little or positively affected by seston and Microcys- 
tis treatments, M. micrura had a negative reproductive 
response in seston and in the cultured Microcystis. In the 
seston treatment, C. cornuta reproduced significantly 
earlier than in the control with green algae (F2,76 = 10.4, 
P < 0.001). In both seston and Microcystis treatments, 
C. cornuta had a significant increase in fecundity (F2,76 = 
36.4, P < 0.001) and in total offspring number (F4,76 = 
9.8, P < 0.001) relative to controls, and a significant in- 
crease in the intrinsic rate of natural increase (r) only in 
seston (t-test; P < 0.001). On the other hand, M. micrura 
had a significant reduction in fecundity in the seston 
treatment and in the treatment with the cultured Micro- 
cystis (F2,29 = 14.4, P < 0.001). However, age at first 
reproduction (F~_.29 =2.6, P = 0.095), total offspring num- 
ber (F2.29 = 2.7, P --- 0.084) and r-values (t-test; P = 0.591) 
of this species fed with seston were not significantly 
different from the control with green algae. The cultured 
Microcystis, however, decreased significantly the 
r-value of M. micrura compared to control (t-test; 
P = 0.028). The microcystin concentration i  the seston 
treatment in this experiment was 2.4 ~g • 1 -~, a value 
close to the nominal concentration of this toxin in the 
cultured Microcystis treatment (2.3 pg • 1-1). 
In the growth experiment, animals showed exponen- 
tial growth in all treatments until the fourth day and a de- 
crease in growth rates after the fourth day, associated 
with allocation of energy to reproduction (Fig. 8). There- 
fore, we compared statistically the treatments only for 
four days of growth. Animals in the control group 
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showed a higher growth rate than the other treatments, 
whereas there were any significant differences between 
the seston and the Microcystis treatments (Table 4). 
Discussion 
As shown in the correlation analyses, temperature, salin- 
ity and the bloom of cyanobacteria seem to be the main 
driving factors of zooplankton populations in the la- 
goon. While temperature had a positive effect on zoo- 
plankton (especially cladocerans), salinity and cyano- 
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bacteria had a negative impact on the cladoceran popula- 
tions. 
As temperature increased from spring to summer 
(August-December), there was an increase in cladocer- 
an populations, probably caused by the increase in food 
availability. The effects of temperature on primary 
metabolism and reproduction rates of zooplankton are 
well known (MARSHAL 1973; GOPHEN 1976; LAMPERT 
1977; MACARTHUR & BAILLE 1979). Also, temperature 
can affect the response of zooplankton to toxic 
cyanobacteria (THRELKELD 1985; GILBERT 1996a; CLAS- 
KA & GILBERT 1998). However, minimum temperatures 
Table 4. Results of one-wayANOVA for the growth experiment with Moina micrura. Data are mean growth rates (d ~) _+ SE for the first 2 and 4 
days of the experiment. There were three replicates per treatment, which included (1) Ankistrodesmus (control), (2) Microcystis mixed with 
Ankistrodesmus in a proportion of 10% of the total food concentration of 1.0 mg C • 1-1 and (3) lake seston, df = degrees of freedom. 
Days Treatments F-ratio df P 
Ankistrodesmus Microcyst/s Seston 
O-2nd day 0.383_+0.036 0.213_+0.017 0.138_+0.043 14.0 2,6 0.0055 
O-4th day 0.381 _+ 0.016 0.239 _+ 0.008 0.233 _+ 0.028 17.3 2, 6 0.0032 
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Fig. 5. Acute toxicity experiments 
with Moina micrura. The three treat- 
ments are indicated above each col- 
umn. (1) Controls consisted of ani- 
mals fed with green algae (A. falca- 
tus) and starved animals. (2) Mixtures 
of seston and green algae (25% and 
50%) and seston alone (100%)in a 
total concentration of 1.0 mg C • I <. 
(3) Microcystis strain NPLJ-2 was 
mixed with green algae in two pro- 
portions (25% and 50%) at a total 
concentration of 1.0 mg C t -1. 
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Fig. 6, Acute toxicity experiments 
with Ceriodaphnia comuta. Experi- 
mental conditions were the same as 
for M. micrura in Fig. 5, except that 
December experiments were done 
on another date. 
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Fig. 7. Life-table experiment with Ceriodaphnia cornu- 
ta and Moina micrura. Treatments included (1) a control 
with the green alga Ankistrodesmus(Ank), (2) a mixture 
of 10% toxic Microcystis (Micro) and 90% Ankistro- 
desmus and (3) seston (100%) at a total concentration 
of 1.0 mg C 1-1. 
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in Jacarepagufi Lagoon were around 20-21 °C and max- 
imum temperatures never exceeded 35 °C, which is con- 
sidered a threshold for some tropical zooplankton 
species (HARDY ~; DUNCAN 1994). Temperature ange in 
the tropics is, however, narrower than in the temperate 
zone, and can hardly be considered as a limiting factor 
for zooplankton. 
Salinity seems to be another strong driving force for 
zooplankton populations in the lagoon. There were 
strong negative correlations between the density of 
cladocerans and salinity, suggesting that the increase in 
salinity was inhibitory for cladocerans. Actually, clado- 
ceran populations increased mostly during the oligoha- 
line and freshwater phase of the annual cycle and disap- 
peared after salinity elevated up to 8%0 (mesohalinity). 
Other studies in coastal lagoons in the State of Rio de 
Janeiro have shown the effects of salinity in reducing 
cladoceran populations (BRANCO 1998). For copepods, 
salinity seems to have exerted a positive effect. Al- 
though Metacyclops mendocinus i  a species frequently 
found in freshwater eutrophic onditions, the increase in 
its density at the end of the study, when salinity was 
high, shows that this copepod is highly tolerant to meso- 
haline conditions. 
In spite of the relatively high POC concentrations in 
the lagoon, food availability was most conditioned by 
the phytoplankton composition. From August o Decem- 
ber, POC concentrations averaged 10.4 to 15.1 mg C • 1-1 
in station 1 and 2, respectively, with phytoplankton rep- 
resented mostly by edible green algae such as 
Ankistrodesmus, Scenedesmus and Monoraphidium, di- 
atoms such as Cyclotella, and nanoflagellates such as 
Pyramimonas. This high availability of good food likely 
fueled the increase in zooplankton densities, especially 
cladocerans, in this period. From January to April, POC 
concentrations remained high, averaging 10.2 to 15.1 
mg C. 1-1 in station 1 and 2, respectively. However, there 
was an increase in the biomass and relative abundance of
cyanobacteria, which was comprised almost by Micro- 
cystis aeruginosa. This period coincided with depres- 
I i i i I I 
3O 
2O 
• Ankistrodesmus 
5~ a Seston 
Microcy ,  tis , 
I 
0 i 2 3 4 5 6 
Time (days) 
Fig. 8. Growth experiment with Moina micrura. Treatments were the 
same as in the life-table experiment (Fig, 7). 
sions in M. micrura populations (Fig. 4). From May to 
September, when cyanobacteria dominated over other 
phytoplankton taxa, POC averaged 9.2 and 9.8 mg C- 1-1 
in station 1 and 2, respectively, with edible algae com- 
prising only a small percentage of algal carbon. This pe- 
riod was marked by the complete disappearance of
cladocerans in the lagoon. 
As GULATI & DEMOTT (1997) pointed out, among the 
factors that determine food quality for zooplankton are 
size and shape of food particles, morphological defenses 
against digestion (digestion resistance), nutritional defi- 
ciency (R N and fatty acids) and the presence of toxins. 
Although there was no significant correlation between 
cladocerans and toxins of cyanobacteria, there was a 
negative correlation between the density of cladocerans 
and the biomass of cyanobacteria, suggesting a possible 
detrimental effect of the Microcystis bloom on these or- 
ganisms. These effects can be categorized as nutritional, 
since many cyanobacteria are considered a poor food for 
cladocerans (PORTER & ORCUTT 1980; DEBERNARDI & 
GIUSSANI 1990), and toxic effects, which are caused by 
the presence of toxins, such as microcystins (DEMOTT et 
al. 1991; ROHRLAK et al. 1999). However, as the acute 
experiments showed (Fig. 5), there was evidence of 
acute toxicity in December, immediately after the ap- 
pearance of the Microcystis bloom in November 1996, 
and in February, coinciding with a decrease inM. micru- 
ra densities in the same period in the lagoon. Since we 
used both starved and fed animals in the controls during 
the acute xperiments, nutritional deficiency seems to be 
a less plausible explanation for the high mortality of 
M. micrura in the Microcystis treatments, ince animals 
in the food mixtures died faster than starved ones. 
Therefore, it is likely that cyanobacterial toxins may 
have been the main factor responsible for the negative 
effect on cladocerans populations. The lack of signifi- 
cant correlations between cladocerans and toxins may 
have been caused by interfering factors such as colony 
size, which causes a lack of linearity between toxin con- 
centrations in seston and ingestion rates of zooplankton. 
As shown by FERR~O-FILHO & AZEVEDO (in press), the 
presence of large colonies in the seston of Jacarepagufi 
Lagoon may lead to low ingestion of Microcystis by 
cladocerans, mitigating toxic effects. 
The reproduction of cladocerans was also affected by 
Microcystis. The reduction observed in mean fecundity 
and in intrinsic rate of natural increase (r) ofM. micrura 
in the life-table experiment, both with seston and cul- 
tured Microcystis, suggests that Microcystis was the 
main cause of cladoceran declines in the lagoon. How- 
ever, the higher fecundity and r-value for C. cornuta in 
the seston diet was probably sustained by the contribu- 
tion of high quality algae and the low toxin content in 
the seston in this period. The growth experiment carried 
out with the same seston sample showed similar results 
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to the life-table xperiment, corroborating the hypothe- 
sis of toxic effects of Microcystis on M. micrura. 
The higher survivorship and fecundity of Ceriodaph- 
nia cornuta in both seston and Microcystis treatments 
suggest that this cladoceran is less affected by the toxins 
of Microcystis. Also, its late appearance and increase 
during the Microcystis bloom and Moina micrura de- 
clining phase suggests that it is a more resistant species 
and probably has a superior competitive ability during 
blooms of cyanobacteria. The same conclusion was 
taken in a previous tudy by FERRAO-FILHO et al. (2000), 
in which laboratory strains of Microcystis were used. As 
a small, slow-growing species, Ceriodaphnia seems to 
be more resistant to starvation and to toxins of Microcys- 
tis than the fast-growing Moina, which invests much of 
its energy in reproduction. Also, as FERRAO-FILHO & 
AZEVEDO (in press) showed, the feeding rate of Moina is 
much more inhibited than that of Ceriodaphnia in the 
presence of toxic cells of Microcystis from natural as- 
semblages. Thus, these results strongly support he hy- 
pothesis that Ceriodaphnia is more resistant to Micro- 
cystis toxins than Moina. 
Although there was a surprisingly strong positive cor- 
relation between copepods and toxins in both stations, 
there is no evidence that Microcystis toxins may be ben- 
eficial for any zooplankton species. This was probably 
an indirect effect of the positive correlations between the 
density of copepods and the biomass of cyanobacteria. 
In fact, copepods are selective against oxic cyanobacte- 
ria (DEMOTT & MOXTER 1991), and this is probably the 
reason why copepods coexisted with Microcystis at high 
densities in the lagoon. However, this cyclopoid cope- 
pod species has omnivory habits, and it is likely that it 
may have benefited from the detritus of the decaying Mi- 
crocystis bloom, especially at the end of the study peri- 
od. In lake Kasumigaura (Japan), it was shown that 
cladocerans were able to utilize decomposing Microcys- 
tis and associated bacteria (HANAZATO 1991). In addi- 
tion, the lack of correlation between POC and chloro- 
phyll-a with phytoplankton (Table 1) shows that detritus 
may be an important component inPOC dynamics in the 
lagoon, as in Amazonian floodplain lakes (FERRAO- 
FILHO 2000). 
Some rotifer species such as B. angularis and H. 
oxyuris had also a strong correlation with Microcystis 
toxins at station 1 (r = 0.814 and 0.910, respectively) and 
B. plicatilis at station 2 (r = 0.611). However, except for 
B. angularis and H. oxyuris, these correlations cannot be 
explained by an indirect correlation with cyanobacteria. 
Also, as Microcystis was mostly in the form of large 
colonies, it is unlikely that it could represent a food 
source for rotifers, unless they were broken into an edi- 
ble size or decomposed. In fact, rotifer species have been 
reported to have different degree of sensitivity to toxic 
cyanobacteria (FULTON & PAERL 1987a; GILBERT 1994; 
SMITH • GILBERT 1995; GILBERT 1996b; NANDINI 2000). 
FULTON & PAERL (1987b) showed that B. caIyciflorus 
was unaffected by both single cells or colonial Micro- 
cystis having high feeding rates, survivorship and 
growth rates in the presence of high densities of this 
toxic cyanobacterium. In another study, however, NAN- 
DINI (2000) found a higher sensitivity of this rotifer 
species to single cells of Microcystis than to colonial 
forms, although both forms decreased survivorship and 
reproduction. Since some rotifers have been reported to 
be sensitive to neurotoxins of Anabaena spp. (KIRK & 
GILBERT 1992; GILBERT 1996a and b), we should expect 
a decrease in the density of rotifers when Aphani- 
zomenon appeared in the lagoon. This cyanobacterium, 
like Anabaena, has been reported to produce neurotox- 
ins (CARMICHAEL 1992). However, density of rotifers ac- 
tually increased at the end of the study period, especially 
B. angularis, suggesting that Aphanizomenon was not 
producing toxins or that rotifers in Jacarepagu~ Lagoon 
are resistant to neurotoxins. 
Differences in the sensibility of zooplankton species 
to toxic cyanobacteria h ve been regarded as an impor- 
tant factor structuring zooplankton communities (KIRK 
& GILBERT 1992; FULTON & PAERL 1988; GILBERT 1994; 
NANDINI 2000). Effects of cyanobacteria onzooplank- 
ton, however, will depend on the size and morphology of 
colonies and filaments (FdRK & GILBERT 1992; FULTON 
& PAERL 1987b; GILBERT 1994), on the competitive abil- 
ity of zooplankton species to exploit resources in the 
presence of cyanobacteria (FULTON & PAERL 1988) and 
on the sensitivity of the zooplankton species to toxins 
(DEMOTT et al. 1991; FERRXO-FmHO et al. 2000). Small- 
er species of herbivorous zooplankton such as rotifers 
and small cladocerans are less susceptible to toxic 
cyanobacteria when they are present as large colonies 
and filaments and may outcompete larger species in en- 
vironments dominated by cyanobacteria (DEMOTT 
1989). In Jacarepagufi Lagoon, the zooplankton commu- 
nity is composed by rotifers and small crustaceans, 
which explains the coexistence with toxic blooms of 
cyanobacteria. 
It has been proposed that the absence of large clado- 
cerans in the tropics is an impediment to biomanipula- 
tion and clearance of cyanobacterial b ooms (ARCIFA 
et al. 1995; DECLERK et al. 1997). Also, it has been 
thought hat the persistence of cyanobacterial blooms 
during the seasonal cycle in the tropics should lead to the 
appearance ofresistant species of zooplankton (NANDINI 
& RAO 1998; FERRAO-FmHO et al. 2000). This study and 
the study of FERRAO-FILHO et al. (2000), however, sug- 
gest that resistance to toxic cyanobacteria is more relat- 
ed to life history than to zooplankton size or geographic 
origin. That is, small tropical cladoceran species can be 
as sensitive to cyanobacteria astemperate large clado- 
cerans (FERR,~O-FILHO et al. 2000). Therefore, our results 
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and other studies do not support he idea of controlling 
cyanobacteria bytop-down approach in the tropics. 
Evidence of direct poisoning by cyanobacteria n
field situations is unknown (HANEY 1987), and a few 
studies have dealt with field-laboratory approach to de- 
tect toxic effects of cyanobacteria on zooplankton (FER- 
RXo-FILHO & AZEVEDO, in press). Most correlational 
field studies may have failed because the expression of 
toxic effects on the population level may be delayed by 
one or two generations. Although our results failed to 
show a direct correlation between toxins of Microcystis 
and the density of cladocerans in the lagoon, there was a 
good agreement between the field data and laboratory 
tests, which showed evidences of direct toxicity of Mi- 
crocystis on one cladoceran population. Thus, we con- 
clude that cyanobacterial b ooms may be potentially 
harmful to zooplankton i  nature. 
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